
~TI FLE CY

N Defense Nuclear Agency
Alexandria, VA 22310-3398

SWES% Ot

DNA-TR-89-45

Chernobyl Accident Fatalities and Causes

A. Laupa
G. H. Anno
Pacific-Sierra Research Corporation
12340 Santa Monica Boulevard
Los Angeles, CA 90025-2587

June 1990

Technical Report

CONTRACT No. DNA 001-87-C-0104'

Approved for public release; -

distribution is unlimited.
___ __ ___ __ ___ __ ___ _A

0'.



Destroy this report when it is no longer needed. Do not
return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: CSTI, 6801 TELEGRAPH ROAD, ALEXANDRIA, VA
22310-3398, IF YOUR ADDRESS IS INCORRECT, IF YOU
WISH IT DELETED FROM THE DISTRIBUTION LIST, OR
IF THE ADDRESSEE IS NO LONGER EMPLOYED BY YOUR
ORGANIZATION.

.N 4



DISTRIBUTION LIST UPDATE

This mailer is provided to enable DNA to maintain current distribution lists for reports. We would
I appreciate your providing the requested information.

El Add the individual listed to your distribution list. Please return OTE:-
Plaertr the mailing label from

SD e te cd o n the document so that any additions,
El Delete the cited organization/individual, changes, corrections or deletions
S Cacan be made more easily.
0 E Change of address. ________________

NAME:

ORGANIZATION:

OLD ADDRESS CURRENT ADDRESS

I TELEPHONE NUMBER: ( )

z5:
SUBJECT AREA(s) OF INTEREST:

DNA OR OTHER GOVERNMENT CONTRACT NUMBER:

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOR (if other than DNA):

I SPONSORING ORGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE:

SIGNATURE.-



Director
Defense Nuclear Agency
ATTN: TITL
Washington, DC 20305-1000

Director
Defense Nuclear Agency
ATTN: TITL
Washington, DC 20305 1000



REPO T D CUM NTATON AGEForm Aproved
CE R DOMB No. 0704-0188

C ubhfr reportin burden toA c his collection of Information Is estimated to average I hour per response Including the time for 62ev7ng Instructions searching existing data sources
galhet ng and maintaining the data needed and completing and reviewing the collection of Information Send comments regarding this burden estimate of any other aspect oftlhls
colleclon of Information Including suggestions for reduc:ing this burden to Washington Headquarters Servces Directorate for Information Operatlons and ReportIs 1215 Jefferson
Davis Highway Suite 1204 Arlington VA 22202-4302 and to the Office of Management and Budget Papen ,ork Reduction Project (0704-01881 Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

1 900601 Technical 870729 - 881231
4 TITLE AND SUBTITLE 5. FUNDING NUMBERS

C - DNA 001-87-C-0104
Chernobyl Accident Fatalities and Causes PE - 62715H

PR - RM
6 AUTHOR(S) TA -RH
A. Laupa: G. H. Anno WU - DH026130

7 PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8 PERFORMING ORGANIZATION

REPORT NUMBER

Pacific-Sierrra Research Corporation PSR Report 1865
12340 Santa Monica Boulevard
Los Angeles. CA 90025-2587

9 SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10 SPONSORING/MONITORING
AGENCY REPORT NUMBER

l)efense Nuclear Agency
6801 Telegraph Road DNA-TR-89-45
Alexandria. VA 22310-3398
RARP/Young

11 SUPPLEMENTARY NOTES

This work was sponsored by the Defense Nuclear Agency under RDT&E RMC Code
B4662D RM RI-I 00038 STRP 3500A 25904D.

12a DISTRIBUTION/AVAILABILITY STATEMENT 12b DISTRIBUTION CODE

Appro\ed for public release: distribution is Unlimited.

13 ABSTRACT (Maximum 200 words)

-Based on aailable sources of information, an assessment is made of the Chernob\l accident
fatalities and causes of death that resulted from acute injury effects. Accident victims grouped
according to whole body radiation lose and biologic response were examined and reconciled
based on comparing various sources of information. Fatalities are identified with the occur-
rence of acute radiation sickness (ARS) syndromes. A maximum likelihood regression analysis
was performed on tWe available fatalit and close data based on five different statistical models
to estimate the L[ i'; LDi.. and LDO values. The estimated LD50 is about a factor or two
higher than previously published values which is attributed to post accident emergency medical
and clinical care. .

14 SUBJECT TERMS 15 NUMBER OF PAGES
- ('hernobyl Accident Radiation Injury - Bone Marrow 34
Clinical Classification, Lethality Causes, Skin Damage, 16 PRICE CODE

Radiation Pulmonitis_ Radiation Doses. Fatalities _ _-_ _

17 SECURITY CLASSIFICATION 18 SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20 LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR
NSN 7540-280-5500 Standard Form 298 (Rev 2-891

I Prec ltw1 by ANSI qla 21PI A
?.qA 102



SECURITY CL.ASSIFICATION OF THIS PAGE

CLASSIFIED BY

N/A ice Unclissified
DECLASSIFY ON:

N/A since Uniclassified

14. SUBJECT TERMS (CONTINUED)

Intestimal Syndromle Acute Effects

Accession For

NTIS C-PA&I
DTIC TAB~

SECURITY CLASSIFICATION OF THIS PAGE

LIN('I.ASSII 11.1)



CONVERSION TABLE

Conversion factors for U.S. customary
to metric (SI) units of measurement

To Convert From To Multiply By

angstrom meters (nI I. 000 000 X F- I0

atmo.phere kilo pascal (kPa) 1.013 25 X [+2

bar kilo pascal (kPa I.000 000 X F+2

barn meter 2 
(iM

2
) I.000 00(0 X F'-28

British Thermal unit (thermochemical) joule (.1) 1.054 350 X E+3

calorie (thermochemicall joule (09) 4. 184 000

cal (thermochemical ). cm
2  

mega Joule/m
2
(M.

l
'm

2
) 4. 184 (000 X [-2

curie giga becqucrel (GBq)* 3.700 OttO X I+ I

degree (angle) radian (rad) 1.745 329 X F-2

degree Fahrenheit degree kelvin (K) 'rK=(I9f + 459.67) 1.8

electron volt joule (.11 1.602 19 X [-19

erg joule (.1) 1.0( 0( X 1[-7

ergisecond watt (\V) 1.000 GOO) X [-7

foot meter (m) 3.048 0009(1 X F- I

fool-pound-force joule (.J) 1.355 818

gallon (U.S. liquid) meter
3 (nm3 ) 3.785 412 X F-3

inch meter (t) 2.54(0 00) X [-2

jerk joule (.J) 1. ( 000 X F+9

joule kilogram (.1 Kg) (radiation dose
absorbed) (irav ((i ' 1.000 OtO

kilotons terajoules 4.183

kip ((900 hlb newton (N) 4.448 222 X F+3

kip'inch
2 (kqi) kilo pascal (kPa) 6.894 757 X F+3

kiap newton-second/rn
2 (N-sm

2) I.00t) 0(00 X F+2

micron meter (n) 1. ((9)0 00)9 X F-6

mil meter (m) 2.540 (t9(0 X F-5

mile (international) meter (m) 1.6(09 344 X [+3

ounce kilogram (kg) 2.834 952 X I-2

pound-force (119 avoirdupois) newton (N) 4.448 222

pound-lorce Inch newton-Ometer (N.m) 1. 129 848 X F-I

pound-lorce, inch nc,%, ,. 'nleter (N' m 1.751 268 X [+2

pound-force/foo
2  

kilo pascal (kPa) 4.788 (26 X E-2

pound-force/inch
2 (PSI) kilo pascal (kPa) 6.894 757

pound-mass (ibn avoirdupois) kilogram (kg) 4.535 924 X F-I

pound-mass-foot
2 (moment of inertia) kilogram-meter2 (kg. m 2 ) 4.214 (O1 X [-2

pound-mass/foot
3  kilogram 'meer3 (kg.'in 3) 1.61 846 X F+ I

rad (radiation dose absorbed) (;ray (Gy) I* ((100 O0t0 X F-2

roenlgen coulomb..kilogram (C'kg) 2.579 7i99 X F-4

shake second (q) I,000 000 X [-8

qlug kilogram (kg) 1.459 390 X F+ I

torr (mam I1g, 00(I kilo pascal (kPa 1 1.333 22 X F-I

The tecquerel (0q) is the SI unit of radioaciviH: lip = I eventis.

S1he (;ra, ((;y) is the SI unit of absorbed radiation.
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SECTION 1

INTRODUCTION

This report reviews current available Soviet syndromes, each of which could have been
data sources on Chernobyl accident victims an independent cause of a fatal outcome.
hospitalized for acute radiation sickness All patient groups identified in the data
(ARS). Patients are grouped by the whole- sources are correlated in terms of the
body ganmma radiation close indicating the severity of bone marrow syndrome and
severity of bone marrow syndrome and ascribed causes of fatal outcome. Based on
biologic response criteria used to place the available data, all but two of the
patients in the different dose groups. We Chernobyl fatalities can be accounted for
compare and reconcile the different data according to patient category, close level.
sources according to the fatalities reported and lethal cause considerations.
as a result of the Chernobyl accident.
Included is a brief review of information on
additional unconfirmed casualties attrib- A maximunm likelihood analysis of the
uted to the nuclear accident. available data on the Chernobyl accident

survivors and fatalities was also performed.
We further review the Soviet data sources Five different statistical models were
in terms of the reported causes of fatal applied to develop estimates of the inci-
outcomes and the occurrence of ARS dence of lethality with total body close. The
synldromes identified as causes of fatalities, marked effect in survival owing to medical
In many cases, fatal outcomes are ascribed attention afforded the accident victims is
to the effect of several severe ARS dernonstrated.



SECTION 2

DATA SOURCES ON CHERNOBYL VICTIMS

There are three sources of original data oil Dr. S. A. Fry reports on presentations by
Chernobyl patients with acute radiation Dr. A. Barabanova, a Soviet physician
sickness: associated with Dr. A. Guskova at the

Moscow Hospital No. 6. and by Dr. ). P.
" USSR State Committee on the Utiliza- Orsanov. an internationally know\n biophys-

tion of Atornic Energy. (hereinafter icist who went to Chernobyl two to three
referred to as State Committee). The days after the accident to Sulper\ise
Accident at tie Chernobvl Nuclear Power environmental monitoring activities.
Plant And Its Consequences. August 1986

" Guskova. Earlh' Acute Effects Among the
Victims of the Accident at the Chernobvl The main clinical response and medical

Nuclear Power Plunt, April 1987 outcome data on ARS patients. as reported
in the three references, are summarized in

* Fry. Foreign Trip Report. October 1987 Tables 1. 2. and 3.
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Table 3. Chernobyl victim follow-up reported by Fry 119871.

Chernobyl Fatalities

No. of
Description Victims

Initial (on-site and in Pripyat) 2
Died as result of ARS

In Moscow 27
In Kiev 1

Died as result of CVA 1

Total deaths 31

Radiation-induced Skin Injuries. Moscow Hospital No. 6

No. of
Description Victins

Number of ARS patients 115
Radiation-inducel skin injuries 56"

Skin injuries incompatible with life 19

Waves of Erythema

Wave Onset Remarks

1st 36 h No obvious skin injury for 36 h.
First wave lasted up to 24 h.

2d 5-10 days Erythema more widespread.
later Involved skin areas covered by

clothing. Coincided with latent
period of ARS.

3d 2-3 months Included 28-30 patients.
8-10 had no previous manifestation
of skin injury.

"T\\o of 56 patients also had thermal burns.

5



SECTION 3

CHERNOBYL FATALITIES

The number of fatalities from the Cherno- Guskova did not include the CVA fatality
byl accident totals 31. Table 4 shows the among the fatalities reported. Only one
reported nLumbers of death and reconciles fatality is listed for Kiev in Table 2. whereas
the different data sources. There were two two fatalities are listed in Table 1.
initial fatalities: one victim died at his
workplace. his body was never recovered:
another victim died from severe burns at Dr. Barabanova further reported that the
6:00 a.m. in the morning of the accident in CVA victim was among the fatalities at
the Pripyat hospital. State Committee Hospital No. 6 in Moscow lFri. 19871. This

119861 reports 28fatalities as occurring piece of information appears to be in error.

within the first 50 days (Table 1). Three State Committee 119861 reports that two

people subsequently died from ARS on patients died in Kiev on days four and ten
Days 77. 96. and 91 (Table 2). resulting in after the accident. Guskova 119871 shows
a total of 31 fatalities, only one death in Kiev. a patient who died

on the 10th day from combined heat and
Dr. Barahanova reported that one transfer radiation injuries. The transfer patient who
patient from Chernobyl. with signs and died shortly after hospital admission from
symptorns of acute radiation sickness, CVA must have been the Kiev fatality on
suffered a cerebrovascular accident (CVA) day four. The early death in Kiev has been
enroute and (lied from that cause shortly confirmed by 'Deputy USSR Minister of
after admission to the hospital IFry. 19871. Health, Ye. Vorobyev. who told a press
Hence. the Chernobyl fatalities include 2 conference on 9May1986 that a third
initial fatalities. 28 ARS fatalities (27 died person, the first victim of radiation
in Moscow. and I in Kiev), and 1CVA exposure. died three days after the accident
fatality (Table 3). In Table 4. notice that in a Kiev hospital IGoure. 19871.

6
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SECTION 4

UNCONFIRMED CHERNOBYL FATALITIES

According to Dr. Barabanova's presenta- there (ten or so meters away) is roughly
tion. Fry lOctober 19871 reports the 1000 roentgens. ' ' Later, in referring to Y.
following: "A journalist/photographer who Velikhov, Vice President of the USSR
spent some time at the accident site shortly Academy of Sciences, seen walking in front
after the accident is reported to have died of the camera, the reporter adds: "A little
about 9 months later: the cause of his death bit earlier in the film. we were told why the
is controversial according to Dr. Barabano- fam,,ous scientists had to risk their lives.
va who did not elaborate further." What about the invisible cameraman? The

other mnembers of the filming crew?"
The Moscow weekly Nedeh*'a cited Noioye

Russko*ve Sloro of 31 May 1987 on the death Three Soviet sources appear to agree on at
of the motion picture director Vladimir least one additional Chernobyl fatality. The
Shevchenko two months earlier frorn Moscow News highlights the radiation risk
radiation sickness IGoure. 1987a1. Shev- to the camera crew. Ncdelva reports the
chenko produced the documentary. "Cher- death of the movie director and the hospi-
nobyl. Chronicle of Difficult Days." which talization of two cameramen. Dr. Baraba-
wvas filmed in May 1986 at the Chernobyl nova mentions the reported but controver-
pow\er station. Nedelha also reported that sial death of a journalist/photographer.
two cameramen received large radiation
doses and are Itheni currently hospitalized. Non-Soviet sources report additional fata-

lities and radiation injuries among the
Tie documentary filn on the Chernobyl cleanup crews according to Radio Free
accident has been described in the Moscow Europe "Rad Background Report." 14
News No. 11. 22-29 March 1987 IGoure, October 1986 IGoure, 1987bl. At the same
1987al. Readers are left with the irnpres- time, official Soviet spokesmen deny that
sion that a camera and its crew are taken more people have died from radiation
on a tour through the damaged reactor, overdoses at the Chernobyl atomic power
often close to high levels of radiation by the plant since the accident there last year
plant's chief engineer, who says, "That pipe killed 31 people [Los Angeles Times. 19871.

I. Prohably refers to a dose rate of I(100 R/h.

8



SECTION 5

CAUSES OF FATAL OUTCOMES

All three Soviet data sources discuss the dromes, each of which could have been an
importance of radiation damage to skin and independent cause of a fatal outcome.
basically repeat the same message: These two groups total 19 fatalities, which

is the number of cases with severe skin
"In 19 cases, the deaths of patients with injury commonly cited as being incompat-
third- and fourth degree acute radiation ible with life. Apparently, the remaining
disease occurred only as a result of eight fatalities were caused by combina-
severe damage, which was incompatible tions of various syndrornes without radi-
with survival, to 50-90% of the surface ation skin damage being an independent
of their bodies." IState Committee, cause of the fatal outcomes.
19861

-"n the cases of at least 19 of the 56 Various ARS syndromes reported by
paint ses ith aturst the ns we Guskova 119871 as apparent independentpatients with burns, the burns were causes of fatal outcomes (or being capableunquestionably fatal." IGuskova. 1987j of producing a fatal outcome) are listed in

"Of the 27 patients who died of Table 6. As mentioned before, radiation

radiation injuries at H~ospital No. 6, 19 skin damage was the exclusive or contribut-

had radiation induced skin injuries over ing cause in 19 fatal outomes. Lethal

90-100% Isicj of their body surface. It intestinal syndrome, indicated by the

wvas the Soviets's opinion that in these appearance of diarrhea from day four to

cases, the skin injuries were so severe clay eight, was noted in 10 patients. These

as to be considered incompatible with patients were exposed to 10 Gy or higher

life. even in the absence of bone gamma radiation- they all died within the

marrow danmage." IFry, 19871 first three weeks after exposure.

All these statements appear to be true but Acute radiation pulmonitis was observed in
incomplete. Guskova 119871 discusses the seven patients with third- and fourth-degree
interrelationships between individual caus- ARS. It was typified by a rapidly inten-
es of lethal outcomes in somewhat more sifying difficulty in breathing, by ventila-
detail, summarized in Table 5. Although all tion failure, and by the onset of lethal
patients with third- and fourth-degree hone- outcomes from hypoxernic coma. "Autopsy
marrow syndrome had severe radiation revealed large blue lungs with marked
burns (Table 2), only five lethal outcomes interstitial edema."[Guskova. 19871
could be ascribed exclusively to radiation
dan,age to vast areas of skin. These five Six cases with lethal outcomes \\ere
cases did not involve radiation enteritis or ascribed to radiation damage causing
irreversible myelodepression. and their irreversible hematopoietic aplasia or to
whole-body (loses did not exceed 6 Gy. In complications caused by bone marrow
14 other cases. radiation damage to skin transplants. Hemophilia achieved thanato-
\\as combined with other severe syn- genetic significance only in one case.

9



Table 5. ARS fatalities at Hospital No. 6 in Moscow.

Causes of Fatality Number of
Fatalities

Radiation skin damage exclusively 5

Skin damage combined with other
ARS syndromes 14

Combinations of ARS syndromes other
than skin damage 8

Total fatalities 27

Table 6. ARS syndromes identified as causes' of fatalities.

Fatalities
ARS Syndrome with Syndrome

Radiation skin damage 19

Intestinal syndrome (10 Gy or more) 10

Acute radiation pulmonitis 7

Irreversible hematopoietic aplasia or 6
bone-marrow transplant complications

Iemophilia 1

Thermal burns/internal contamination 2

Radiation induced vascular damage I

10



In Moscow. 56 of the 115 ARS patients -Patient injury or medical treatment
suffered from radiation induced skin category.
injuries. Two of the 56 patients formed a
unique subgroup: they also had severe Patient categories include one cerebrovas-

thermal skin burns produced by steam and cular accident, a patient in the medium
incurred a significant internal radionuclide gamma dose group who died from lethal

close estimated as 1.5 to 4 sieverts on the radiation clanage to the Vascular system.

basis of postmortem radiometry. The radio- Five fatal outcomes are ascribed solely to

nuclide (loses of all other patients did not radiation damage to large skin areas. These

exceed 1 to 3 percent of their external close, patients fall in the severe gannia dose

The gamma dose of these two patients was group: their estimated whole-body closes

on the order of 4 to 5 Gy. The patients died did not exceed 6 Gy.
on days 23 and 18, respectively, from their Further. patient groups ilude bone
cornbined injuries jFry. 19871. marrow transplants and fetal liver cell

transplants. These patients wvere selected
One patient in NIoscoWv suffered a fatal on the basis of a whole-body close of 6 (\
CVA 2. probably associated with general- or greater, estimated from the lym plocyte
ized radiation induced vascular damage count in peripheral blood and from cyto-
I Fry. 19871. The patient received an genetic analvsis of chromosome aberra-
average bone marrow close of 3 Gy and tions. This close level \\as Understood to
suffered severe radiation induced skin represent irreversible or extremely pro-
injuries. manifesting as three waves of tracted and deep myelodepression.
erythema. with the third wave developing
almost three months after the accident. The bone marrow transplants include 13
Accordingly. this patient (case 3 presented patients grouped in two subcategories:
b Dr. Barabanova) must be the one fatalityini the second-cegre e ARS group \vlo died a. Six patients had radiation damage to
on day 96 after the accident (Table 2). skin and intestines at a level that was

deemed not incompatible \\ith life.
Four patients died between days 27

Based on currently available Soviet data and 29 after the transplants. Two
sources reviewed. Table 7 provides a
sumnmary of our effort to correlate the patients survived their bone marrowv

Chernobvl accident fatalities and causes transplants; they had gamma expo-

sin terms of: sures of 5.8 and 9.0 Gy. Gamnia
grouped ndoses for the four patients who died

ranged from 4.3 to 10.7 Gy, placing
* Severity of the bone marrow syndrone one fatality in the severe and three

(the whole-body gamma radiation fatalities in the extremnelv severe
doses). bone marrow syndrome groups. They

(lied from "mixed virus-bacterial
* ARS syndrome identified as exclusive infections." also called as "cornpli-

or contributing cause of fatal outcomes. cations caused by bone marrowv

2. \ote thal thi ('\' A ltalit v occurred in \1l co\%: a different ARS patient suffered a (''A enroutle
to the ho,,pilal and died on cla\ ltour in Kiev.

11
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transplants" jGuskova, 19871. State "unspecified" category. The totals of
Committee 119861 reports that all six individual lethal causes have been taken
bone marrow transplants in this fron Table 6. Adding the numbers of
group had similar disorders that may patients in relevant patient categories, the
have been caused by graft-ver- corresponding totals are not always identi-
sus-host (GVH) disease. Two of tihe cal with those in Table 6. but are still in
four fatalities ill this group occurred general agreement. For example. we would
prior to the puiblicationi of the State have 13 rather than 10 cases of lethal
Committee 119861 report. It is stated radiation damage to intestines. In cases
that the GVH reactions may have \\here the fatal outcomes associated with
been contributing causes of these two a patient category are ascribed to multiple
deaths. contributing ARS syndronmes ("yes" in

Table 7), all the syndromes may not
b. Seven patients had radiation damage necessarily be present for each and every

to their skin. intestines, and lungs at fatality.
a level that was deemed incompatible
with life. They died from acute In other cases. the relevant patient cate-
radiation clamage to the skin. gut. gories identify fewer fatalities than the
and lungs on days2 to 19 after the totals of Table 6. For example, only four
translplants (days 15 to 25 after rather than six total cases of lethal in-
exrposure). fections and GV1I- diseases are identified

directly. In these cases. the question marks
In the category of fetal liver cell trans- in Table 7 suggest other possible patient
plants, all six patients died from radiation categories associated with a particular
darnage to the skin and intestines IGusko- cause of death.
a. 19871. Patients for the transplantation

of human embryo liver cells were selected The individual gamma closes of the acci-
on the basis of extrernely severe clarnae dent victims are generally unavailable.
to the skin and intestines and extremely Exceptions are the cerebrovascular acci-
unfavorable prognosis IState Committee dent victim with anl estimated close of 3 G\.

19861. the four bone marrow transplant fatalities
who died from mixed Virus and bacterial

Two patients in the thermal burns and infections with estimated closes of 4.3.
internal contamination category died from 5.0-7.9. 5.8-6.0. and 10.7 Gy, respectively.
their combined injuries. including bone and the two thermal burn and internal
marrow damage and racliation damage to contamination patients with their combined
skin. closes shown in Table 7. Guskova 119871

also states that the patients with lethal
In Table 7 all but two of the 27 fatalities intestinal syndromes received a short-term
in Moscow can be traced through patient whole-body gamma radiation dose on tihe
categories, thus leaving only two in the order of 10 Gy or higher.

13



SECTION 6

FATALITY INCIDENCE VERSUS RADIATION DOSE

A total of 238 Chernobyl accident victims 7). Four indiViduals in the fourth close
received estimated whole-body garnma group have specific close estimates. but no
radiation closes in excess of 0.8 Gy. They specific values were available for the
were diagnosed as suffering from acute remaining five individuals.
radiation sickness (ARS). Based on the
severity of ARS. the patients were grouped Based on the method of analyzing binary
in four close range categories. The radiation data given by Cox (1983). a maximum

data published to date include the dose likelihood analysis of the data given in

ranges and the number of patients and Table 9 was performed to estimate the

deaths in each (lose range group. incidence of Chernobyl fatalities with close.
Along with the explicit close estimates given

Although individual case histories have not in Table 9 for both surVivors and fatalities.
been published, individual dose estimates it 'vas assumned that the remaining indi-
have been reported for some cases. includ- vidual doses were uniformly distributed
ing II survivors and 7 fatalities. Table 8 over the corresponding lose range. For
lists individual loses and reference fol- example, there are five fatalities in the close
lowed by a number or letter of patient range of 4.2 to 6.3 Gy listed under the
identification. The numbers associated with "3rd- close group in Table 9, thus. for this
Guskova 119871 refer to the original patient analysis. closes of 4.41, 4.83. 5.25. 5.67.
identification system: the letter "x" refers and 6.09 Gy each \\ere assumed for the five
to patients mentioned but not otherwise fatalities.
identified in reports. Some of the individual For purposes of comparison, five different
closes reported by Guskova 119871 have model forns were applied to analyze thebeen updated in a later report (UNSCEAR. moefrswrealidtanyzth
been updatled i oa ate pted NSC . survivor/fatality binary data: normal. log-
1987): Table 8 contains the updated values, normal. Weibull. logistic, and log-logistic.

Table 9 sunmarizes the available data on Table 10 gives the model forms along with
radiation closes for both individuals and parameter estimates obtained. Based upon
groups of individuals. In most cases, the the X2 goodness-of-fit statistic, a ranking

patients in a dose group divide into two would fall between the Weibull and log-
subgroups: a few patients with individual normal models, with Weibull the best fit.
dose estimates. and the remainder distrib- However, all models fit the data well
uted over the given (lose range. The (p<0.005, u =236 dgf).
lethalities of the fourth close group have Table 11 gives a sumnary of the 10-. 50-.
additional patient subgroups. Ten patients and 90-percentiles obtained for each mo-
died as a result of lethal intestinal syn- del. The 10-percentile close estimates range
drorme: they were exposed to a dose of 10 from 391 to 423 coy. the 50-percentile
Gy or higher (Table 6). Two patients died from 590 to 616 cGy. and the 90-percentile

from a cornbination of severe thermal skin estimates from 789 to 895 cGy.
burns, internal radionuclide contamination.
and bone marrow syndrome. Their average Plots of the incidence of fatalities are
combined close was about 7.25 Gy (Table shown in Figs. I through 5 fnr each of the
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Table 8. Radiation (loses of individual patients.

Dose Number of Survivors Fatalitie

Dose Range

Group (G%) Patients Deaths Dose Patient Reference Dose Patient Relerence

Ist 0.8-2. I 140 0.9 Guskova 119871 - 97

1.4 - 48

1.9 Geiger 119861 - 6

2nd 2.0 -4. 55 I 3.3 Guskova I19871 - 39 3 FrY 119871 - 3

3.9 - 21

3.3 State Committee 119861 - D

2.25 Fr\ 119871 - 2

3.0 Telvatniko% 119871

3rd 4.2-6.3 21 7 5.6 Guskoxa 119871 - x 5.2 (uskoka 119871- 6

4.9 Geiger 119861 - 2 4.4 - 5

4th 6-16 22 21 8.7 Guskova 119871 - x 6.4 c;uskoa 1 19871- 28

1.2 - 16

9 -8

7 Fry 119871 - x 7

Tomals 238 29 II patients 7 patients
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Table 11. Fatality percentile doses.

Percentile Dose (cGy)

slope*
Model LD1() LD50  LD9(? (percent/cGy)

Normial 409.9 616.4 822.9 0.194
Log-normnal 391.4 592.0 895.3 0.159
WeibUtl 401.0 631.4 843.3 0.181
Logistic 422.8 606.0 789.3 0.218
Log-logistic 403.3 590.1 863.5 0.174

*slope L 90 -1 D) (percent/c~y)

99.9

Prior non-Chernobyl estimates
99.0- (See text)

95.0-Z
90.0-

S70.0- . . . . . . .

5~ 0.0 - ......

10.0 -......
....0...

1.0......
.. ... ..

0.1.....
200.00..0.80.100

... Dose......
Figre1.Clerobl ccdet atliie: nrml isriuton.28 nd.iuas.90
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99.9

Prior non-Chernobyl estimates
99.0- (See text)

95.0-
90.0-

70.0-
50.0

V30.0-

3000 402507010

Dose (cGy)

Figure 21. Chernobyl accident fatalities, log-normial distribution, 238 individuals, 90%
confidence interval.
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99.9

99.0 Prior non-Chernobyl estimates -

90.0

70.0-

50.0-

-~30.0-

10.0

CD 5.0 -

1.0-

01200 300 400 500 700 1000

Dose (cGy)

Figure 3. Chernobyl accident fatalities: Weibull distribution. 238 indlividuals, 90%7c
confidence interval.
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99.9

Prior non-Chernobyl estimates

99.0-

95.0-
90.0-

_70.0- m
.. .. ....

S50.0-
o30.0-

5.0

0.1 200 400 600 800 1000

Dose (cGy)

Figu~re 4. Chernobyl accident fatalities: logistic distribution, 238 individuals. 90%
confidence interval.
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Prior non-Chernobyl estimates
(See text)99.0-
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Figure 5. Chernobyl accident fatalities: log-logistic distribution, 238 individuals, 90%
confidence interval.
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five different models used to analyze the the LD5() based on prior estimates with that
data: the 90% confidence bounds are given estimated here from the Chernobyl data.
by the two dashed lines. In order to That is on average. prior estimates of the
graphically illustrate the data from Table LD50 wou*d be about 290 cGy whereas the
9 used in fitting the various models, the value is about 607 cGy according to our
data were grouped according to the analysis of the Chernobyl data: Ilis
horizontal lines shown in the plots. The amounts to about a factor of two reflected
data used in the maximum likelihood by medical care.
procedure is treated in binary form. and the
asterisks on the horizontal line simply Also, as is apparent from tile plots of
indicate the dose range midpoints of the fatality incidence versus close, in general
data groups. Accordingly, while the log- there is a significant difference in the slope

normal (Fig. 2) and log-logistic (Fig. 5) magnitude betwveen the Chernobyl dose
models appear by inspection to fit the data response curves and that according to prior
better than the other models, they actually estimates of lethality. As indicated in Table
have the lowest X2 values (see Table 10) 11. depending upon the model, slope

although as indicated above, all five of the estimates based oil analysis of the Cherno-

models fit the data well. byl data range from about 0.16 to 0.22
percent/cGy: the corresponding slope value

A range of incidence for radiation lethality from prior lethality estimates is about 0.44
based on some prior estimates is also percent/cGy. This difference in the steep-
indicated in Figs. I through 5 by the broad ness of the close response curves could also
shaded band. The left-most boundary is be Clue in part to medical attention. Al-
based oil an LD5() midline tissue close of though more than likely, it is due to factors
256 cGy and a slope estimated from close other than strictly ARS in combination \\ith
response curves for large animals (swine. medical attention such as injuries to skin.
sheep, goats. and dogs) which tend to be which as mentioned above \was a ver\
parallel (Bond and Robertson 1957, Cron- significant factor. For example. in the ab-
kite and Bond 1958. and Cronkite 1982). sence of medical attention, a larger propor-
The right-most boundary is based on an tion of lethalities Would be expected at
1I) 5 ) value of 325 cGy. suggested by lower doses. i.e.. in the second and third
Lushbaugh (1969) for healthy young close groups. This certainly Would tend to
adults, with the slope also inferred frorn steepen the dose response curves. lipowev-
large animals. er, because of the imprecision of data

regarding burn injuries and other non-ARS
One means of assessing the efficacy of effects, we have not attempted to perform
medical care including the various treat- any isolated causal analysis with regard to
ment modalities of ARS afforded the fatality incidence utilizing truncated sub-
Chernoby I accident victims is by comparing sets of' data.
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